The Amino Acid Composition of the Horny Layer of the Human Skin**From the Research Laboratories, Lawrence Richard Bruce Incorporated (Dr. B. Lustig) and Department of Dermatology and Syphilology of the New York University Post-Graduate Medical School (Dr. Marion B. Sulzberger, Chairman), New York, N. Y.  by Lustig, B. et al.
THE AMINO ACID COMPOSITION OF THE HORNY LAYER OF THE
HUMAN SKIN*
B. LUSTIG, PH.D., B. KATCHENt, Pn.D. AND F. REISS, M.D.
INTRODUCTION
The relation of the amino acid composition of
the horny layer in various pathological conditions
of the human skin has been the subject of many
investigations. Reliable investigations in the past
were limited to the determinations of some amino
acids which could be assayed in a small amount
of material (e.g. cystine). Only in recent years
the use of paper chromatography alone or in com-
bination with other methods made it possible to
determine most or all amino acids in the amounts
material available.
The proteins of the horny layer of human skin
have a low cystine content and Block (1) calls
them pseudo-keratin. Their insolubility is shared
by other proteins of the body (e.g. elastins). The
sulfur, total cystine and methionine values re-
ported in the literature for the normal and path-
ological horny layer were similar to those reported
in the total epidermis.
Rothman (2), Block (3), Scott and Flesch (4),
Lieflander (5) and others report 1—2% cystine
and methionine in the horny layer of the epi-
dermis. Mutting (6) in his complete analysis of the
amino acid of the epidermis and of palmar cal-
luses found 8.1—10% cystine and 2.8—4.3% gly-
cine in calluses, 2.9—7.9% cystine and 6.5—9.2%
glycine in the epidermis, as compared to 13.3%
of glycine reported by Block in the human epi-
dermis. Mütting's cystine and glycine values are
similar to those found in human nails, horn and
wool (Block (1, 3)).
Discrepancies reported in the literature and
absence of data of complete amino acid composi-
tions of scales from individual patients induced
us to investigate the chemical compositions of
various calluses and scales.
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EXPERI1'4ENTAL
Plantar callus mechanically removed (with
razor blade) from several persons and plantar and
palmar callus from single persons removed by
application of 40% salicylic acid plaster was used
for the study of pressure horny layers. For path-
ological skin keratins, scales from single patients
with exfoliative dermatitis, psoriasis and dis-
seminated neurodermatitis were collected. The
patient with exfoliative dermatitis had local ap-
plications of aluminum acetate (Burrow's solu-
tion) up to 2 days before the collection of scales.
In the two other cases no local medication one
week previous and during the time of the scale
collection was used.
To remove water soluble material, all samples
were soaked repeatedly in distilled water at 2C
for 24 hours. The samples were extracted with
ether and chloroform for 8 hours each and dried
in vacuum over phosphorous pentoxide. The ex-
tract represented the lipoid material. No me-
chanical alteration of the material was attempted.
It is known (7) that grinding of keratin materials
causes a marked decrease in the cystine content
and solubilization of the keratin material. Ash,
Kjeldahl-N (Chibnall (8)), amide-N (Rees (9))
and sulfur by the wet digestion method of Jones
(10) were determined directly on the dry mate.
rial. In some cases the sulfur values were supple-
mented by micro Carius S determinations.
The N, S and amide-N were calculated for
lipoid and for ash free material. For the amino
acid determinations, duplicate samples of the
proteins were hydrolyzed with a 10-fold excess of
6N HC1 for 24 hours at 105°. The hydrolysis and
the determination were repeated at least once
with each sample. Most of the HC1 was removed
by distillation in vacuo, repeatedly redissolving
the dry residue in water and alcohol and bringing
the solution to dryness. Residual HC1 was re-
moved by extracting the solution 5—6 times with
a 5% di-2-ethylhexylamine in chloroform (11),
followed by 5 extractions with chloroform alone.
The hydrolysate was then taken to dryness, re-
dissolved and brought to dryness twice more and
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diluted to volume. The amount of humin N was
negligible.
Most of the individual amino acids were deter-
mined by buffered paper chromatography (Mc-
Farren (12)) using Whatman No. 4 paper. For
aspartic-, glutamic acid, serine, threonine, ala-
nine and glycine, a phenol buffered system of pH
12.0 was used; for arginine, histidine, tyrosine,
valine and methionine, a cresol buffered system
of pH 8.4; and for the leucines and phenylalanine,
a butanol-benzyl alcohol 1:1 buffer of pH 8.4.
Lysine was determined by using one phase sol-
vent paper chromatography (13) with ethanol-
butanol-dicyclohexylamine and water as a sol-
vent. Proline (14), hydroxyproline (15), cystine
(16) and tryptophan (17) were determined by
standard colorimetric procedures. Values ob-
tamed by the above methods are summarized in
the main columns of Table I and II.
Some of the amino acid determinations were
made by a second different procedure. These
values are given in the tables, in brackets near
the main values reported. Colorimetric methods
were used for tyrosine (17), arginine and his-
tidine (18). Cystine, alanine, proline, tyrosine,
valine, phenylalanine and leucines were deter-
mined by the usual paper chromatography pro-
cedures (19).
In all paper chromatography tests the unknown
chromatograms as well as standard chromato-
grams of mixtures of amino acid being analysed
in similar concentration, were run simultaneously
in duplicate. After developing the chromatograms
at 22°, the papers were air-dried at room
TABLE I
Gram Amino Acid Nitrogen/100 Gram of Total Nitrogen
(4.1) (4.2)
(14.3)
Alanine 4.9 (4.6)
Amide-N —
Arginine 12.6 (13.4)
Aspartic Acid 7.9
Cystine 0.63
Glutamic Acid 9.5
Glycine 14.5
Histidine 4.2
Isoleucine
} 7 9Leucine
Lysine 8.1
Methionine 0.82
Phenylalanine 2.0 (2.1)
Proline 3.0
Serine 7.2
Threonine 4.1
Tryptophan 0.6
Tyrosine 1.6
Valine 5.2 (5.2)
Hydroxylsine
Hydroxyproline 0
Total Nitrogen 95.4
Total Sulfur 108.
4.2
5.3
14.0
5.2
0.75
9.4
14.6
}
1.10
2.4 (2.6)
2.7
6.7
3.2
1.0
1.7
6.3
4.2
6.0
18.2
6.6
0.85
9.5
14.1
}
1.65
2.0
3.5
7.0
3.2
1.4
1.9 (1.7)
6.5 (6.3)
0
104.7
100.
(1.9)
2.96
15.90
5.52
2.55
8.50
13.30
3.22
2.53
5.26
8.50
0.58
1.54
2.52
14.12
3.57
0.43
2.42
4.04
97.6
16.1
4.45
0.50
7.12
15.9
2.03
1.7
3.14
4.94
0.59
1.32
2.62
0.93
1.59
2.81
3.64
18.50
4.07
7.67
7.86
4.14
2.72
2.26
5.06
4.56
0.58
1.54
2.52
5.73
4.40
0.86
1 .84
3.44
81.7
9.3
3.06
15.4
3.84
Trace
5.9
26.2
1.41
1.09
2.09
4.59
0.43
1.11
10.1
2.94
1. SC
0.36
1.93
0.82
8.2
100.1
4.12
6.73
19.1
4.38
7.30
8.48
6.29
l.19
2.44
5.85
3.92
0.32
2. 12
5.05
8.66
5.12
0.82
2.62
4.16
99.39
2.68
7.13
17.5
2.5
12.81
7.87
4.68
2. Ol
3.11
4.15
2.22
0.43
1.22
3.18
8.62
6.10
0.85
1.04
4.02
92.7
3.43
19.70
4.14
12.20
8.22
4.77
3.19
2.00
3.86
5.04
0.40
1.38
5.78
9.73
5.88
0.60
1.60
3.98
0
95.9
9)(5.
0
98.5
[14.
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TABLE II
Exfoliative
Dermatitis
Scales
Disseminated
Neurodermatitis
Scales
Psoriasis
Scales
Block (3)
Psoriasis
Scales
Exfoliative
Dermatitis
Scales
Lieflander (21)
Total Nitrogen
Total Sulfur
Ash
Lipoids
16.82%
0.87%
1.1%
22.5%
17.74%
0.98%
22.9%
20.2%
16.06%
1.10%
1.25%
22.5%
15.30*
—
—
15.11*
0.94*
—
—
15.33*
0.86*
—
—
Gram Amino Acid Nitrogen/100 Gram of Total Nitrogen
Alanine
Amide-N
Arginine
Aspartic Acid
Cystine
Glutamic Acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methjonjne
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
Hydroxyproline
4.9
6.7
15.2 (15.5)
8.2
1.24 (1.18)
9.4
9.8
4.6 (3.9)
}
9.4
10.4
1.42
2.1
3.3
7.5
4.2
2.1
2.2 (1.8)
5.4
0.1
4.8 (4.6)
5.7
19.4 (19.1)
8.0
1.17 (1.14)
6.6
9.2
4.6 (3.9)
}
8.9
10.4
1.26
2.4
3.3
6.9
3.5
1.6
2.2 (2.2)
5.0
0
3.8
6.7
17.2
7.1
1.06 (1.21)
7.8
9.9
4.3
}
9.4
7.4
1.43
2.7
2.7 (3.1)
4.9
3.4
2.2
1.4 (1.5)
6.8
0
—
—
24.4
—
1.38
—
—
1.36
5.79
—
—
—
—
—
—
—
—
—
—
—
—
1.30
—
—
—
—
0.99
—
—
—
—
—
—
—
—
—
1.19
—
—
—
—
1.05
—
—
—
—
—
—
—
Total Nitrogen
Total Sulfur
108%
115%
106%
99%
100%
83%
—
—
—
—
—
—
* Not corrected for ash.
temperature for 2—3 hours, immersed twice in
ethyl ether to remove traces of the developing
agents and heated for 15 minutes at 105°. The
amino acid spots were located under UV light,
outlined with a pencil, and cut out. Paper blanks
of similar size from the unknown and standard
chromatograms were also cut out. The method
and the ninhydrin reagent of Fowden (20) with
small variations were used for the amino acid
determinations. The amino acid spots were cut
into thin strips and placed in test tubes. 0.4 ml
of 0.12 N NaOH was then added to each test
tube. After 48 hours in a vacuum desiccator, 1 ml
of the ninhydrin reagent was added, the tubes
shaken for 5—6 minutes, placed in a boiling water
bath for 5 minutes and cooled under running tap
water. The strips were then eluted twice with
1 ml water and twice with 1 ml acetone. The total
eluate was diluted to 10 ml and its optical density
at 570 mm determined in a model DII Beckman
spectrophotometer.
The standard deviation of the mean values
given in the tables of 4 or more single amino acid
determinations was for the paper chro-
matography and for the colorimetric
procedures.
The composition of the three callus proteins
is given in Table I. For comparison newer data
for the amino acid distribution reported in the
literature for the human epidermis (3), total
skin (21), collagen (22), nails (3) and hair (23
& 3) are given, supplemented by an amino acid
analysis of wool (25). No lipid values are given
for the keratins obtained by treatment with sal-
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ieylic acid plaster, such values being unreliable
Table II summarizes the data obtained from
three different pathological scales, supplemented
by amino acid values for psoriasis and exfoliative
dermatitis scales reported in the literature (3
& 21). Older amino acid values on various path-
ological scales were summarized by Rothman (2).
All amino acid values determined or reported
were calculated in gram amino acid nitrogen, per
100 gram protein nitrogen. The amount of palmar
callus being small, no ash determination was made
and the nitrogen and sulfur value given for this
protein, were calculated for lipoid free but not for
ash free material. In the extracted material, the
Molisch reaction for carbohydrates was negative.
RESULTS AND DISCUSSION
Except for the scales from the disseminated
neurodermatitis, all ash and lipoid values were
within the same range. The high ash value found
in disseminated neurodermatitis was caused by
the previously mentioned treatment with alumi-
num acetate. In this case, over 90% of the ash
was insoluble in hydrochloric acid and consisted
of aluminum oxide. The amino acid composition
of the various calluses was within the same range,
except for the higher tryptophan and methionine
content in the mechanically removed plantar
callus as compared to those removed by treat-
ment with salicylic acid. The amino acid compo-
sition of the different scales was also within the
same range, but differed from those observed in
the calluses. Compared to the calluses, the scales
gave higher values for sulfur, cystine, methionine,
tryptophan and aspartic acid and much lower
values for glycine.
The amino acid composition of the scales and
especially of the calluses was very similar to that
of the total human epidermis, and partly similar
to the amino acid composition of the total human
skin, except for the tryptophan, which was lower
in the human epidermis. Compared to hair, nails
and wool, the skin keratins had a much lower
sulfur and cystine content, lower proline, and
higher methionine, lysine and glycine values with
the highest glycinc values in the calluses. If the
cystine and hydroxyproline values are not con-
sidered, the amino acid composition of the horny
layer proteins seems to be between that of col-
lagen and keratin.
The variation in amino acid composition (pal-
mar or plantar calluses) was independent of the
method of removal and was less than expected.
The same applies to scales obtained from patients
with skin diseases of different etiology. The vari-
ation in the amino acid composition of the two
groups, apart from the previously mentioned
differences, was also less than expected from the
literature on the formation of the horny layer.
Apparently the various pathological changes in
the eases investigated, had little influence on the
amino acid composition of the horny layer, but
did influence the rate of formation of the horny
cell. It is possible that an investigation of the end
group composition of these proteins might show
differences. Sulfhydryl groups in different sam-
ples of the horny layer were determined by Fleseh
(25), Zingsheim (26), Scott (27) and others.
Montagna (28) using a histoehemical method ob-
served a low concentration of sulfhydryl and a
high concentration of disulfide in the stratum
corneum. There are methodological difficulties in
determining the end groups in mechanically un-
changed insoluble keratins. The groups are often
not accessible to the reagents. Grinding and pow-
dering of the material does not only reduce the
cystine content but also produces other chemical
and physical changes in the keratin (7). In our
investigation no eysteine was detected by the
methods used. It is known that in acid hydroly-
sates of proteins, no reliable cysteine values can
be obtained. Cysteine is partly oxidized during
the hydrolysis, while at the same time, any tryp-
tophan present can reduce cystine to cysteine
(Toennies (29)).
Investigations by Sulzberger et at. (9) have
shown that most of the lipids of the horny layer
"were not preexistent in the sweat, but derived
from the keratinizing cells." The high lipid con-
tent found must be attributed to the high intra-
cellular concentration of lipid in the horny layer.
It is of interest to note that practically the same
amount (20%) of ether and chloroform extracta-
ble lipid material was obtained from the pressure
horny layer than from the scale. Apparently the
high intracellular lipoid content of the horny
layer represents a part of the protective mech-
anism of the skin.
SUMMARY
1. The nitrogen, sulfur, ash, lipoid content and
amino acid composition of 3 different calluses and
of scales derived from psoriasis, exfoliative derma-
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titis and disseminated neurodermatitis, were de-
termined.
2. All ash and lipid values and amino acid
compositions of the calluses were within the same
range.
3. The amino acid composition of the investi-
gated scales, as compared to the calluses, con-
tained more sulfur, cystine, methionine, trypto-
phan and aspartic acid and less glycine. The
composition of the scales of different pathological
origin was within the same range, indicating
variations ia the rate of the formation, but not
in their amino acid structure.
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